The AP-1 transcription factor is a heterodimer protein that regulates gene expression in response to a variety of extrinsic stimuli through signal transduction. It is involved in processes including differentiation, proliferation, and apoptosis. Among the genes it regulates are transcription factors that contribute to the stemness phenotype. Cancer stem cells have the ability to self-renew and initiate differentiation into heterogenic cancer cells, which may cause metastasis and relapses. In the present study, we evaluated the effect of AP-1 complexes, as well as the C-FOS and C-JUN genes, in relation to NANOG, OCT3/4, and SOX2 transcription factors. All assays were undertaken with colon cancer stem cells. Knockdown experiments with siRNA were performed for each individual gene as well as their combination. Changes in gene expression were calculated with quantitative polymerase chain reaction experiments, while the effect on cell cycle distribution and apoptosis was studied by flow cytometry. The results differed depending on the percentage of repression, as well as the gene that was suppressed. In all cases, the number of apoptotic cells was increased. These findings indicate that AP-1 may have a crucial role in the maintenance of cancer stem cells.
Introduction
The AP-1 transcription factor consists of various proteins including C-FOS and C-JUN. Its function is to regulate gene expression in response to many stimuli, and it is involved in multiple cellular processes, such as differentiation, proliferation, and apoptosis [1, 2] . The monomers of the AP-1 complex are encoded by different genes. These transcription factors are located downstream many transduction pathways, thus making their role critical [3, 4] . Cancer stem cells (CSCs) are cells that are defined by their ability to self-renew and undergo asymmetric cell division, proliferation, and differentiation. With respect to their origin, these cells may be caused by disturbance of the self-renewal and differentiation programs occurring in multipotential stem cells, tissuespecific stem cells, progenitor cells, mature cells, and cancer cells [5] . The hallmarks of the CSC phenotype are defined by many genes; however, NANOG, POU5F1 (OCT3/4), and SOX2 have crucial roles [6, 7] .
Recent experimental data indicated that C-JUN is important for the maintenance of the self-renewal and tumorigenicity of glioma stem-like cells [8] . According to another study in colon cancer, C-JUN and TCF4 promoted a subpopulation of colorectal cancer tumor cells to adopt a stem-like phenotype via the NANOG promoter [9] . Moreover, C-FOS maintains hematopoietic stem cells in quiescence [10] . The present study aimed to identify the relationship between the AP-1 complex and stemness transcription factors. We attempted to address whether the AP-1 transcription factor is necessary to activate or suppress NANOG, OCT3/4, and SOX2 transcription factors as well as if it has an effect on apoptosis and the cell cycle.
Materials and Methods

Cell Culture.
Human colon cancer stem cells (36112-39P; Celprogen) were cultured in appropriate growth medium (M36112-39PS; Celprogen), supplemented with 10% FBS in 25 cm 2 flasks (E36102-29P-T25; Celprogen) at 37 ∘ C in a 5% CO 2 environment.
Knockdown.
During the exponential phase of proliferation, cells were seeded in 24-well plates (E36112-39; Celprogen) and transfected with small interfering RNA (siRNA) specific for C-JUN and C-FOS genes using Lipofectamine 2000 (11668-027; Invitrogen), according to the manufacturer's instructions. The siRNA were designed in accordance with the rules of Reynolds et al. [11] , and the sequences were as follows: C-FOS: 5 UAUCUGAGAAUCCAUCUUAUU 3 and C-JUN: 5 ACAUCAUGGGCUAUUUUUA 3 . All sequences were run on BLAST to exclude sequences that would suppress undesired genes and to ensure specificity. After 48 h incubation, the cells were harvested by trypsinization (25200-072; Invitrogen). Samples incubated with Lipofectamine alone (without siRNA) were also tested to study the effect of compound alone on gene expression.
Evaluation of Cells.
Cells were tested in both cellular and molecular assays. The cellular assays were based on the ability of CSCs to form microspheres in semisuspension, using an inverted light microscope. The cultures have previously been evaluated by molecular analyses, including gene expression analysis for specific transcription factors [12] . The authentication of the control cell line was tested each time using molecular biology assays, such as short tandem repeat profiling, the results of which were compared with the manufacturer's profile. Cultivation was continued for more than 30 passages to exclude the possibility of incorporating embryonic stem cells (ESCs) in the experiments, since cancer stem cells are immortal unlike ESCs.
Molecular Analysis.
RNA was extracted from cell cultures using an RNeasy Mini Kit (74105; Qiagen). The RNA samples were evaluated both spectrophotometrically and on agarose gel by checking the 18S-28S rRNA bands. Then, 1 g of each sample was used as template for cDNA synthesis using an iScript cDNA synthesis kit (1708891; Bio-Rad). Finally, the upper strand was used as template for realtime polymerase chain reaction (PCR), which was performed using the iTaq Universal SYBR Green Supermix (1725124; Bio-Rad). Specific primers for each marker and for an endogenous control gene (18S rRNA) were designed using Gene Expression 1.1 software. The sequence of primers was run on BLAST to exclude those that would amplify undesired genes. The sequence of the primers was as follows: 18SrRNA: forward-5 TGCCCTATCAACTTTCGATGG-TAGTC 3 , reverse-5 TTGGATGTGGTAGCCGTTTCT-CA 3 ; NANOG: forward-5 TGAGATGCCTCACACGGA-GACTG 3 , reverse-5 GGGTTGTTTGCCTTTGGGACT-G 3 ; POU5F1: forward-5 GGTGCCTGCCCTTCTAGG-AATG 3 , reverse-5 TGCCCCCACCCTTTGTGTTC 3 ; SOX2: forward-5 CAACGGCAGCTACAGCATGATG 3 , reverse-5 GCGAGCTGGTCATGGAGTTGTACT 3 ; C-FOS: forward-5 CCTTCACCCTGCCTCTCCTCAAT 3 , reverse-5 GCCTGGATGATGCTGGGAACA 3 ; C-JUN:
forward-5 CCAACTCATGCTAACGCAGCAGTT 3 , reverse-5 ACCCTTGGCTTTAGTTCTCGGACAC 3 . The PCR program was as follows: initial denaturation at 95 ∘ C are 50 cycles of denaturation at 95 ∘ C for 10 sec followed by annealing at 59 ∘ C for 30 sec. A final extension step was performed at 72 ∘ C for 10 min followed by melting curve analyses. Data were analyzed according to the Livak method [13] .
Flow
Cytometry. Cells were stained with PE Annexin V and 7-Amino-Actinomycin (7AAD) (559763; BD Biosciences) for 15 min and then resuspended in 0.5 mL sheath fluid (8546859; Beckman Coulter) followed by flow cytometric analysis of more than 50,000 events. The data were analyzed with FCS Express Software (DeNovo). In each case, positive and negative controls were used.
Statistical Analysis.
The quantitative polymerase chain reaction (qPCR) results were tested according to the Kolmogorov-Smirnov test; all samples had normal distribution. Median values were used for the analysis. Finally, MannWhitney U tests were also performed on the qPCR data.
Results and Discussion
Gene Expression.
Knockdown was up to 55% for C-FOS and up to 45% when C-FOS and C-JUN were knocked down simultaneously, while lower rates were observed following knockdown of C-JUN. The suppression of C-FOS led to increases in the gene expression of stemness transcription factors. In comparison with the control cells, the increase in gene expression was 2.35-fold for NANOG, 2.93-fold for POU5F1 (Oct3/4), and 2.68-fold for SOX2. Knockdown of C-JUN led to increases in POU5F1 and SOX2 expression of 130% and 30%, respectively, while no changes were observed in NANOG; this was in contrast to data resulting from simultaneous repression of C-JUN and C-FOS. The results also differed depending on the rate of reduction in gene expression. In all cases, an increase was observed in POU5F1 expression, with decreases in the other genes. Suppression of the AP-1 complex by 45% led to a 90% increase in POU5F1 expression and a reduction of 10% and 3% in NANOG and SOX2 expression, respectively. NANOG expression was reduced up to 50% when knockdown reached up to 35%; POU5F1 and SOX2 were less affected. Figures 1, 2, 3 , and 4 graphically represent the above results.
Cell Cycle Distribution.
The number of cells undergoing apoptosis was three times higher following suppression of both genes by 45%. Under the same conditions, it was observed that there was an increase in dead cells of 1.5 times that of the control cells. C-FOS knockdown only led to a doubling of dead cells; however, there was no change in the number of cells undergoing apoptosis (Table 1) .
CSCs are defined by their ability to self-renew, differentiate, and proliferate. These cells are proposed to initiate tumor formation and propagate metastasis [14] . According to experimental data, there is evidence to indicate that the hallmarks of CSCs are defined by many transcription factors, but the most important are NANOG, OCT3/4, and SOX2. NANOG is expressed in ESCs and has an important role in maintaining pluripotency. Overexpression of NANOG causes self-renewal of ESCs, while its absence leads to differentiation [15] [16] [17] [18] . To maintain stemness, the presence and, most likely, collaboration of two further transcription factors, OCT3/4 and SOX2, are required. OCT3/4 expression is also associated with the undifferentiated stage and selfrenewal. It forms a heterodimer with SOX2, which binds DNA. SOX2 is a transcription factor essential for maintaining pluripotency, but its ectopic expression may be related to abnormal differentiation of colorectal cancer cells [19] [20] [21] . Although little is known about their origin, CSCs are a subpopulation of heterogeneous tumors that has the ability to enter the bloodstream and migrate to colonize secondary sites, thus resulting in metastases and relapses. The epithelial to mesenchymal transition (EMT) and the reverse process (mesenchymal to epithelial transition (MET)) contribute to this [22, 23] . The AP-1 transcription factor consists mainly of the C-FOS and C-JUN proteins. C-FOS is a protooncogene and has a leucine zipper DNA-binding domain [24] . C-JUN is also a proto-oncogene that has important roles in cellular proliferation and apoptosis [25] . The AP-1 transcription factor acts downstream many transduction pathways; therefore, many processes are implicated. Recent studies have demonstrated that C-JUN and C-FOS are also involved in stemness pathways. C-JUN has a pivotal role in the maintenance of self-renewal and tumorigenicity in glioma stem-like cells. In contrast, another study has implicated AP-1 and NF-B in the differentiation of mouse ESCs [8, [26] [27] [28] . Therefore, it is clear that there is a relationship between the AP-1 transcription factor and stemness. The present study aimed to clarify this relationship in colon CSCs. The contribution of the AP-1 complex has been shown in apoptosis, alongside that of the individual proteins. AP-1 seems to play a crucial role in the maintenance of stemness by controlling NANOG, OCT3/4, and SOX2. Suppression of AP-1 led to a reduction in the levels of NANOG and SOX2 gene expression, which in turn led to an increase in the number of cells undergoing apoptosis. It may be that cells which cannot maintain the hallmarks of stemness eventually undergo apoptosis.
Conclusions
The present study indicated that the AP-1 transcription factor may be strongly related to the stemness phenotype in colon CSCs. The reduction of its expression leads to changes in the expression of major transcription factors that are essential for maintaining pluripotency and undifferentiation. Further studies need to be performed to further investigate this correlation.
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